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INTRODUCTION

The preliminary results of the mineral resource investigations
conductgd in the National Petroleum Reserve in Alaska (NPR-A) by the
Geological Survey are planned to be open filed in ten parts. This report,
numbered Open-file Report 78-70A, is the first part. It is a technical
report that analyzes the mineralization found by field teams in 1977 and
provides mineral commodity specialists with the geologic framework for
evaluating the region. Other open-file reports, in press, that are part
of this series include the following, marked by asterisk in the Refer-
ences cited:

*#78-70B ~ Bedrock geologic map of the south half of National
Petroleum Reserve in Alaska (Mayfield and others, 1978),

*78-70C -~ Geologic setting of the lead and zinc déposits, Drench-
water Creek area, Howard Pass quadrangle, western Brooks Range, Alaska
(Nokleberg and Winkler, 1978), and

*78-70D - Basic data for the geochemical evaluation of National

Petroleum Reserve, Alaska (Theobald and Barton, 1978).

Work goals and plans

Field investigations that form the basis for the reports on geochem-
istry and mineral deposits were done during the period Junme 6-July 31,
1977, using helicopter transportation out of the Driftwood camp on the
Utukok River. For shorter periods of time, a helicopter-supported
temporary camp was used on Drenchwater Creek. The work consisted of

geologic investigations and reconnaissance geochemical sampling by the



Geological Survey in response to section 105(c) of the National Petroleum
Reserve Act of 1976.

In order to evaluate the mineral potential of this large area (see
index map, fig. 1) expeditiously, the work for the 1977 season was con-
centrated in the southern part of NPR-A and in contiguous parts of the
Brooks Range, a poorly known area suspected of having a significant
metallic mineral potential. Early in the investigations of bedrock
geology, it was determined that red-stained zones, possibly associated
with sulfide mineralization, were confined mainly to a thin stratigraphic
interval in a structural sequence that is discontinuously covered by
overlying thrust plates composed of coeval but litﬁologically different
rocks (Mayfield and others, 1978). It was further determined that lead
and zinc minerals in the Red Dog and Drenchwater areas, the only two
mineralized areas known, were associated in the same stratigraphic and
structural setting as some of the stained zones. Therefore, it was
decided to concentrate the bedrock and mineral investigation work on
this lower structural sequence (fig. 2). Basic data for this report,
including trave?se cross sections, semiquantitative spectrographic
analyses, and location maps of samples are given in Appendix A.

Regional geochemical sampling was done to provide a stream-sediment
reconnaissance of the entire southern part of NPR-A and adjoining Brooks
Range (see U.S. Geological Survey Open-file Report 78-70D).

Another goal of the geochemical sampling was to analyze rock chip samples

and soil samples from areas where the bedrock was investigated.



Geographic setting

The area is about 9,000 km2 and lies mainly within the southern part
of NPR-A between lat 68°25' N. and 68°50' N. and long 156° W. and 162° W.
The terrane is mostly rolling hills and low mountains ranging in elevation
from 300 to 1,500 m that form the western Brooks Range and its northern
foothills. The nearest supply centers to the Driftwood airstrip are
Kotzebue, 250 km south; Point Barrow, 300 km north; and Fairbanks, 700 km

southeast.

Previous work

Systematic geological evaluation of the region began at about the
time of the establishment of the Naval Petroleum Reserve in 1923 and
resumed during the period of oil exploration from 1945 to 1953. The
results of this effort are summarized in the series of U.S. Geological
Survey Professional Papers 303A-H. The Geological Survey studies contin-
ued in the area under the direction of I. L. Tailleur, resulting in
recognition of significant lead-zinc mineralization at Red Dog near the
southwest corner of NPR-A (Tailleur, 1970; U.S. Bur. Mines, 1975). In
1975, Tailleur and others (oral commun.) recognized a similar mineraliza-
tion at Drenchwater Creek within NPR-A and 180 km east of Red Dog.
Interpretations of the structural framework for the western Brooks Range
have been formulated by Tailleur, Kent, and Reiser (1966) and Martin
(1970). Coal reserves in the northern part of the NPR-A were estimated
by Barnes (1967) and by Tailleur and Brosgé (1975). Phosphate occurrences

have been identified and reported on by Patton and Matzko (1959).



GEOLOGIC SETTING

Stratigraphy

Bedrock in the NPR-A can be divided into two terranes on the basis
of stratigraphy and structure (Mayfield and others, 1978; fig. 2,
schematic cross section). The first terrane, present in the south half
of NPR-A, includes the rocks of the Brooks Range and its northern foot-
hills. These are mainly highly folded and faulted, relatively thin
(about 500 m) sequences of marine sedimentary strata of Paleozoic and
early Mesozoic age. Traverse cross sections of this terrane are shown
in Appendix A. The second terrane, present in the northern part of
NPR-A, consists of much thicker (several thousands of meters) and younger
(mainly late Mesozoic age) sandstone, shale, and conglomerate units of
marine and nonmarine origin. Bedrock in the northern terrane is far less
deformed than in the southern terrane. Because of the widespread surfi-
cial deposits, outcrops are exposed in cliffs and cutbanks and the north-
ern terrane becomes a broad, swampy coastal plain in its northern part.

Structure

The southern terrane consists of numerous thrust plates with complex
stratigraphy (Mayfield and others, 1978; fig. 2). The rocks of the lowest
recognizable structural sequence are mainly fine-grained siliceous clastic
sediments--shale, siltstone, and minor sandstone--interbedded with radio-
larian chert and, locally, submarine volcanic rocks. In overlying thrust
plates, the rocks of Carboniferous age are mainly light-colored limestone
whereas rocks of the same age in the lowest structural sequence are mainly
interbedded dark chert and shale. This juxtaposition of calcareous
sequences with a coeval sequence of chert and shale provides the evidence
for thrust faulting on a scale large enough to displace sedimentary
facies (Tailleur and Brosgé, 1970; Lathram, 1965).
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The predominant south dips of beds, faults, and isoclinal fold limbs
suggest north-south compression, but the amount and direction of relative
movement of the fault blocks are unknown., Reconstructions of sedimentary
environments in the region, particularly for rocks of Carboniferous age
that show the greatest variability in facies, indicate that a carbonate
rock nearshore and shelf facies developed along what is now the arctic
coastal plain (Armstrong and Bird, 1976). These carbonate rocks, in turn,
grade southward into shale and chert of a deeper water facies.

The stratigraphy of the lowest structural sequence, which has the
only significant base metal mineralization (fig. 3), is generalized in
the columnar section of figure 4. The section consists of four broadly
similar units; the basal units are a black shale and chert facies of the
Lisburne Group that is succeeded by mainly argillaceous and cherty strata
of the Siksikpuk and Shublik Formations. This relatively thin strati-
graphic thickness, representing much of Carboniferous, Permian, and
Triassic time, is overlain by a thick section of coarser grained clastic
rocks of Cretaceous age. These four discrete formations are structurally
repeated many times.

Structure within the lowest sequence along the northern foothills
of the Brooks Range consists of a series of small fault slices forming
lenslike blocks. Within the blocks, the beds are tectonically stretched
and dismembered into broken formations. Individual formations generally
form narrow units that strike east-west and dip moderately to steeply.
Internal folds are tight, nearly isoclinal and, in many places, are
overturned with axial planes dipping south. Axial plane cleavage is

commonly developed and in the argillaceous rocks results in a



characteristic fine micaceous sheen. Within the tectonic blocks, chert
and sandstone beds are the least disrupted.

The structural complexity within the lowest structural sequence is
indicated at Drenchwater Creek by Nokleberg and Winkler (1978). No single
forﬁation persists as a continuous unit from east to west along the
regional strike. Instead, a heterogeneous mixture of tectonic lenses of
various formations forms the bedrock. Locally, large blocks of chert of
the Shublik Formation and Lisburne Group are surrounded by a pervasively
sheared matrix of shale from the formations in the lowest structural
sequence. In the eastern part of the Drenchwater Creek area, there is a
greater continuity of formations. Some formations appear to be thickened
by asymmetrical folds and faults. Despite the intense deformation in the
Drenchwater area, discrete thrust plates can be identified. Each thrust
plate is defined by distinct proportions of various formations and

distinct structural domains.

REGIONAL GEOCHEMISTRY

Regional geochemical reconnaissance of the southern part of NPR-A
shows geochemical patterns that may be related to five distinct types
of mineralization: (1) barium related to concretionary and probably
also bedded barite deposits; (2) zinc and silver within the area of
abundant barium related to zinc-rich stratabound sulfide deposits;
(3) arsenic, lead, and silver in heavy-mineral concentrates related to
an as yet unknown bedrock source; (4) lead, zinc, and silver without
barium in the southeast part of the area, again related to an unknown
bedrock source; and (5) a broad distribution of chromium in heavy-mineral

concentrates derived from ultramafic rocks south of NPR-A.



The reconnaissance geochemical evaluation is based on data obtained
from 574 sampling sites in the Misheguk Mountain and Howard Pass quad-
rangles. For comparative purposes, 1l sites in nearby areas were also
sampled, including nine sites in the vicinity of the Red Dog prospect in
the De Long Mountains quadrangle, and two within the chromium-bearing
Avan River ultramafic complex in the southwest part of the Misheguk
Mountain quadrangle.

Where possible, three samples were collected at each site: (1) an
active stream-sediment, (2) a heavy-mineral concentrate from active
stream~-sediment, and (3) a streambank soil. The stream-sediment sample
provides a composite sample of the drainage basin above the sample site
and the inorganic debris being transported from that basin, whereas the
heavy-mineral concentrate provides a much enhanced sample of that fraction
of the inorganic composite most likely to contain many of the rarer
minerals and elements associated with valuable mineral deposits.

The analytical data are summarized in figures 6 and 7. The terrane
is noteworthy for its extreme geochemical variability., An unusually
large number of elements is anomalously high. The range of concentrations
for many of the elements is extreme, particularly in the heavy-mineral
concentrates where four of the elements span the total range of the ana-
lytical procedure. The geometric deviation is large, particularly in
the heavy-mineral concentrates. Barium stands out both.for its unusual
abundance in these samples and for its extreme variability.

The distributions of seven elements have been plotted at a scale
of 1:500,000 and tﬁe data contoured to illustrate the spatial distribu-

tion of the potential identified above (figs. 14-16). Barium in



stream sediments is unusually abundant throughout the central part of
the area. It is unusually low near the ultramafic complexes near
Misheguk Mountain and Siniktanneyak Mountain. It is "normal," a few
hundreds to a thousand parts per million, only along the northern border
of the study area and in the southeast corner. Barite is the mineral
responsible for the high values as exemplified by the extreme levels of
barium in the nonmagnetic fraction of the heavy-mineral concentrates and
the abundance of barite, 80 percent or more, in this sample medium.
Although the massive sulfide deposits that have been examined are enriched
in barium, they contain only a few thousand parts per million so cannot
be responsible for the major features illustrated. Concretionary barite
is known from several of the rock units and undoubtedly contributes to
the levels of barium observed, but, again, the abundance of concretionary
barite does not appear sufficient to explain the major barium anomalies
of figure 14. It seems likely, therefore, that an as yet unidentified
number of deposits of bedded barite exist within the area of NPR-A.
Zinc-sulfide deposits are known or suspected in at least three of
the zinc-rich areas (fig. 15). The other areas with 200 ppm or more zinc
have similar potential, particularly where silver is also detectable and,
as noted above, barite is abundant. The single exception to this generali-
zation is in the southeast corner of the area where the zinc high in the
upper part of the Nigu River is in an area of "normal" barium concentra-
tion and the single detectable silver value does not coincide with high
zinc. The mineral potential in this area has a different chemical charac-
ter from that to the northwest and west.

The spatial distribution of arsenic in heavy-mineral concentrates is



unique. All of the high values (including values of 5,000 ppm or more)
are in the northeast part of the area (fig. 16), particularly in a
pronounced northeast-trending zone that crosses the Utukok River in the
vicinity of Driftwood. The distribution of silver in the heavy-mineral
concentrates is remarkably similar to that of arsenic though isolated
highs scatter farther to the east. Again, the cluster of samples contain-
ing 5 ppm or more silver defines a northeast-trending zone through Drift-
wood. A single high value in the head of the Nigu River falls in the
zinc-rich area described previously. The distribution of lead in the
heavy-mineral concentrates is more complex than that of the arsenic and
silver, reflecting the greater proportion of valid observations. The
northeast-trending high through Driftwood is again prominent, locating

and validating the arsenic factor described earlier. There is clearly a
prominent source of metal in this area, but its nature and whereabouts

in bedrock are unknown. A second group of lead-rich heavy-mineral concen-
trates is in the southeast part of the area, generally coincident with,
but more widespread than, the zinc-rich samples in this area. The general
coincidence of zinc, silver, and lead in the southeast chemically charac-
terizes yet another metal anomaly with no known bedrock source.

The remaining factor that suggests mineral potential is character-
ized by calcium, magnesium, and chromium in both sample media. It is
illustrated here by the single example of chromium in the heavy-mineral
concentrates. The other elements involved display similar patterns.

The principal source of these elements is clearly in the ultramafic
complexes at Misheguk Mountain, Siniktanneyak Mountain, and on the Avan

River. All of these are south of NPR-A. A prominent chromium high



extends north from the Siniktanneyak Mountain complex along the Kuna
River, expanding northward along the Kiligwa and Colville Rivers. This
anomaly is equivalent in magnitude to the Misheguk Mountain anomaly and
larger than the combined anomalies from the other ultramafic complexes.
We interpret this feature to reflect ancient erosion of higher, larger,
and richer portions of the Siniktanneyak complex and the irretrievable
spreading of this material throughout the sedimentary rocks to the north.
From this interpretation, we see little potential for extensive deposits

of minerals related to the ultramafic suite within NPR-A.

Geochemical summary

The geochemical evaluation of the mineral potential of the southern
part of NPR-A is summarized in three illustrations designed as overlays
on which the potential is displayed at two levels. The barite potential
(fig. 14) is defined as moderate where contiguous stream-sediment samples
contain 0.5 percent or more of barium and as strong where they contain
more than 1 percent of barium. The zinc-sulfide potehtial (fig. 15) is
defined by the overlap of areas having zinc-rich stream sediments and
areas rich in barium. The Driftwood anomaly (fig. 16) is defined by the
coincident occurrence of arsenic, lead, and silver in heavy-mineral con-
centrates. The anomaly is open to the northeast, reaches its maximum
intensity at the north edge of the study area, and has no known bedrock
source. The Koiyaktot Mountain anomaly, also shown on figure 16, is
characterized by the general similarity of the distribution of zinc in
stream sediments, silver in stream sediments and heavy-mineral concen-
trates, and lead in heavy-mineral concentrates. The patterns for the

three elements are not strictly coincident and are at least suggestive
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of metal zoning. The bedrock source of the Koiyaktot anomaly has not

been identified.

MINERALIZATION

Metallic and related nonmetallic minerals

Occurrences of metallic and related nonmetallic minerals have
recently been reported in northern Alaska. Preliminary followup work
during the 1977 field season has resulted in recognition of significant
zinc, lead, and silver mineralization along a fairly well delineated
regional geologic trend associated with chert-shale-volcanic rocks of
Carboniferous age. This belt trends eastward from the zinc-lead deposits
of the Red Dog Creek-Wulik River area in the De Long Mountain quadrangle,
across the southern portion of NPR-A to the Drenchwater Creek-Wager Creek
area, the most noteworthy showing in NPR-A to date (fig. 3). These zinc~
lead deposits appear to have formed contemporaneously with volcanic
activity indicated mainly by submarine tuffs with subordinate porphyritic
lava flows associated with marine shales and cherts. The entire region
of NPR-A in which this assemblage occurs must be considered as quite
favorable for other similar occurrences of lead-zinc mineralization.
There are not enough data available at present to permit more than quali-
tative evaluations to be made with respect to resource potential. More
effort is needed to fully define the zinc-lead resource within NPR-A.

In the De Long Mountains quadrangle, potentially valuable concentra-
tions of barite are found associated with the zinc-lead deposits, but
similar occurrences have not yet been noted within NPR-A. Rocks similar
to those hosting the zinc and lead deposits are associated with ;nomalously

high geochemical values for barium. This relationship suggests the
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possibility of finding barite deposits within NPR-A as well.

Bedrock examination

In NPR-A, eleven mineralized areas were prospected or examined. For
most of the areas, detailed geologic traverses or sketch maps were made,
and samples of bedrock, stream sediments, and soil were collected for
chemical analyses (Appendix A). A summary description of the eleven areas
examined and the analytical results is shown in table 1. Analytical ranges
shown in table 1 refer to lowest and highest values from analyses for base
metals at each site.

A total of 214 rock, soil, and stream silt samples was collected,
each of which was analyzed spectroscopically for 30 elements. Outside
the Drenchwater Creek area, lead shows uniformly low values from less
than 10 to 150 ppm with an approximate average of 30 ppm for all rock and
soil samples. Outside the Drenchwater Creek area, zinc was mainly detected
to the southeast of the Drenchwater Creek area with values between none
detected to 300 ppm. Very low values of silver, 1-3 ppm, were found in
a few samples.

Within the Drenchwater Creek area, lead and zinc show moderate to
high values within the zone of sulfide mineralization. Lead ranges from
10 to 15,000 ppm with an approximate average of 200 ppm. Zinc ranges
from less than 200 to more than 10,000 ppm with an approximate average
of 200 ppm. A few samples show silver values of 1-5 ppm. Barium is
discussed in a later sectionm.

Drenchwater Creek area
In the Drenchwater Creek area, sulfide mineralization occurs in the

gray to black shales, gray to black cherts, and intermediate to mafic

12



volcanic rocks of the Lisburne Group contained in a lower structural
sequence (figs. 3, 4; Nokleberg and Winkler, 1978). This sequence is
internally deformed and is subdivided into thrust plates. The Drenchwater
thrust plate contains base metal sulfides and minor barite.

Galena, sphalerite, and pyrite were observed in the tuffs or in
dark cherts and dark shales that are either interbedded with or adjacent
to tuff. The sulfides may occur in more than one unit of tuff, dark
chert, and dark shale; however, the intense folding and faulting and poor
exposures in the area preclude any precise determination of number of
mineralized horizons. Barite is much sparser and occurs in black chert
along Drenchwater Creek and in undifferentiated yellow-green cherts of
the Shublik or Siksikpuk Formations in the southwest part of the mapped
area. Strongly developed iron staining also occurs in the zone of sulfide
mineralization and is primarily the result of weathering of pyrite and
lesser amounts of sphalerite in the felsic tuffs. The eastern and western
limits of the zone of sulfide mineralization still need to be defined by

more mapping and sampling.

Geologic controls

Zinc-lead sulfide deposits
There are two major geologic controls for the occurrences of sulfide
deposits along the northern front of the Brooks Range as determined from
detailed mapping in the Drenchwater Creek area and from detailed geologic
traverses along the northern fromnt.
First, in the Drenchwater Creek area, the association of sphalerite
and galena with tuff and with gray to black dark chert and gray to black

dark shale adjacent to submarine volcanic rocks strongly suggests that:
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(1) sulfide mineralization occurred simultaneously or just after sedimen-
tation and volcanism; and (2) volcanic exhalations may be the source of
the mineralizing fluids.

Second, intense deformation, including isoclinal folding, faulting,
and melange development, has severely disrupted and dismembered the
stratiform deposit. Intense deformation may have obscured a stratigraphic
horizon favorable for the localization of base metal sulfide deposits;
the original stratigraphic horizon may have extended from at least the
Red Dog Creek area on the west to the Drenchwater Creek area on the east.

Barite deposits

Nodules of barite are widely but sparsely distributed throughout
the Siksikpuk Formation within the southern part of NPR-A, and geochem—~
ically moderate concentrations of barite occur in placers in the streams
and rivers draining the northern foothills of the Brooks Range within
NPR~A. Typical values of barium in stream sediments range from 1,000
to more than 5,000 ppm. Typical values for barium in rock samples range
from approximately 200 ppm to more than 5,000 ppm, with estimated average
values of 1,500 to 2,000 ppm. It is assumed that the barium in the rock
samples is contained in barite; however, barite has not been identified in
any of the analyzed rock samples. Several alternatives exist for the
source of barite in the placer deposits. One source might be residual
concentration of barite from sparsely scattered nodules or disseminated
grains in various rock units. An alternative source might be residual

concentration of barite from as yet unidentified bedded barite.
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CONCLUSIONS

Based on 1977 fieldwork, much of the southern part of NPR-A shows
a potential for metallic mineralization. Regional geologic studies have
defined a stratigraphic horizon within the lower structural sequence
that is favorable for base metal mineralization. New occurrences of
sphalerite and galena were identified at Drenchwater Creek, and barite
nodules and veins were found at numerous localities.

Four types of regional geochemical anomalieé are identified:

(1) Zinc and silver related to known massive sulfides,

(2) Barium related to barite.

(3) Arsenic, lead, and silver of unknown bedrock source.

(4) Lead, zinc, and silver of unknown bedrock source.

Rocks having criteria for mineral potential are shown on figure 17
which outlines mineral occurrences, geochemical anomalies, and the
distribution of rocks in the lower structural sequence. Specific areas
with favorable mineral resource potential are: (1) Drenchwater Creek,
(2) Koyaktot Mountain area, (3) Driftwood area, (4) Spike Creek area,

(5) Mount Bupto area, and (6) Sphinx Mountain area.

RECOMMENDATIONS FOR FUTURE WORK

On the basis of the 1977 work, we believe the following investiga-
tions should be undertaken to further evaluate the mineral potential of
NPR-A:

(1) Conduct geological investigations of the geochemical anomalies
té identify their source and areal extent.

(2) Expand regional geochemistry to include the Utukok River and
Lookout Ridge 1:250,000-scale quadrangles that lie to the north of the

area studied in 1977.
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(3) Make a topical study to identify and evaluate the source of
the high barium values in the regional geochemical sampling.

(4) Conduct more detailed investigations in the Drenchwater Creek
area to evaluate the extent of mineralization. Those investigations
should include geophysical and geochemical surveys.

(5) Conduct more structural and stratigraphic studies in this
mineral belt to understand the geologic setting and controls of minerali-

zation.
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APPROX GENERALIZED COLUMNAR SECTION OF THE
THICKNESS LOWEST STRUCTURAL SEQUENCE SOUTHERN NPRA

(METERS) FOSSILS
O—

Lithic sandstone, mudstone, and shale. Minor
conglomerate. Turbidite current structures.
Pelecypod Buchia, plant fragments

CRET.

SHUBLIK FM| SS, SH

Chert, shale, and limestone. Chert is dark
to medium gray, weathering light-olive-gray
radiolarian ribbon chert interlayered with
black shale. Limestone is medium gray, thin
bedded, very fine grained and generally fos-
siliferous with pelagic pelecypods--Monotis
and Halobia. About 100 m thick

TRIASSIC'|LOWE

Olive-gray siliceous shale, mudstone, argil-
lite, and chert. Maroon and green argilla-
ceous strata are highly cleaved with argil-
litic sheen on surfaces. Gray to greenish
gray radiolarian ribbon chert, knobbly and
with rosettes of marcasite, weathers maroon,
orange, and shades of green and yellow. For-
mation is about 100 to 150 m thick. Barite
nodules, lenses, and veins in many places
are conspicuously on argillaceous talus
slopes. Locally, formation brightly
stained red

FM.

250-

PERMIAN
 SIKSIKPUK

Mainly black siliceous shale and radiolarian
ribbon chert. Thin beds and laminae of light-
gray turbidites and tuffaceous material inter-
layered with shale and chert occur in narrow
sections of the formation. Locally, inter-
mediate to mafic tuff associated with inter-
mediate to mafic massive porphyritic flows

and breccias. Tuffs are cemented by vary-

ing amounts of calcite and quartz and con-
tain chert pebbles that, together with lay-
ering, indicate submarine origin. Except

for shelly fossil fragments (mainly crinoids)
that comprise thin beds of clastic limestone,
pelagic fossils are radiolaria, sponge spic-
ules, and abundant trace fossils of Nereites
type. Locally, galena, sphalerite, and

pyrite occur in veins and lenses. Formation
is about 250 m thick

Y-

.
e

500-

*Preliminary ages of formations determined by
radiolaria (David L. Jones, oral commun., 1978).

CARBONIFEROUS®

BASE OF SEC-
TION NOT
EXPOSED
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FIGURE 5. -Summary statistics for 23 elements detected in the
574 samples of -30 mesh stream sediment from the
northern parts of the Misheguk Mountain and Howard
Pass quadrangles, Alaska. Seven additional elements
sought but not found in these samples are, with their
lower limit of detection: As 200, Au 10, Bi 10,

Cd 20, Sb 100, Sn 10, and W 50. The values for the
minimun, maximum and mean are in percent for Fe, Mg,
Ca and Ti, and in parts per million for the ather
elements. The geometric mean and deviation.is only
given where a reasonable estimate is possible; that
is, where the number of observations falling in the
indeterminate categories of N, L, or G is not large.
Where the mean and deviation are given in the pres-
ence of the indeterminate categories, an arbitrary
value either two reporting steps above or below the
limits of the analytical method, as appropriate, have
been substituted for the indeterminate.

Chem{cal ngefrr::;“ ¢ o;umber Minimum Max{mum "“’G.eomtﬂg"““o"
symbal N L [ observations

fe 574 1 15 5.7 1.6
Mg 574 0.1 10 0.93 2.1
Ca 574 0.05 20 0.44 3.2
T 574 0.1 1 0.45 1.7
Mn 3 5N 100 G 5000 1500 1.8
Ag 562 3 9 N 0.5 2

8 8 2 S64 N 10 200 n 2.1
8a 44 $30 20 G 20,000 2600 4.7
8e 8 kL 532 N1 5 1.6 1.6
Co 10 S64 LS 200 29 1.7
Cr 3 SN 10 6 5000 160 2.6
Cu 1 573 LS 300 57 1.9
La 224 2 348 N 20 150

Mo s28 i3 13 NS 10

Nb 272 300 2 N 20 30

L1 574 10 3000 94 1.7
Pb 30 33 N N0 150 18 2.1
Sc 574 5 70 19 1.5
Sr 3 64 473 N 100 1500 110 1.9
v 574 20 500 170 1.5
Y 2 572 N 10 100 3 1.4
In 392 139 43 N 200 1000

ir 1 573 N 10 500 160 1.5

Y N, none detected .

L, present in an amount less than the lowest standard. -

6, :p;'e than the highest standard. The value of the highest standard is indicated in the "maximum”
column,
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FIGURE &. --Summary statistics for 25 elements detected in the
574 samples of nonmagnetic heavy-mineral concentrate
from the northern parts of the Misheguk Mountain and
Howard Pass quadrangles, Alaska. Five additional
elements sought but not found in these samples are,
(with their lower limits of detection): Au 10, Bi 10,
Cd 20, Sb 100, and W 50. The values for the minimum,
maximum,and mean are in percent for Fe, Mg, Ca and Ti,
and in parts per million for the nther elements. The
geometric mean and deviation is only given where a
reasonable estimate is possible; that is, where the
number of observations falling in the indeterminate
categories of N, L, or G is not large. Where the
mean and deviation are given in the presence of the
indeterminate categories, an arbitrary value either
two reporting steps above or below the limits of the
analytical method, as appropriate, have been substi-
tuted for the indeterminate.

Chemical Nuz?e:‘z;tg e o?uﬁber Minimun Maximum Hea:eametr‘g;viation
symbol N L 6 observations

Fe ) 567 0.15° 20 4.5 2.4
Mg 567 0.07 15 0.53 3.0
Ca 4 563 Lo.1 20 2. 4.4
T 1 566 0.02 62 0.88 4.7
Mn 567 70 3000 610 2.0
Ag 515 -] 47 N1 15

As 536 k)| N S00 10,000

B 124 443 N 20 1000 47 3.1
Ba 382 185 300 6 50,000

Be 375 48 144 N2 150

Co 207 n 349 N 10 1500

Cr 51 516 L 20 10,000 170 4.5
Cu §9 498 L 10 3000 50 3.9
ta 384 183 N 50 1500

Mo 499 27 41 N 10 50

Nb 473 26 68 N 50 150

Ni 19 . 548 N 10 7000 56 2.8
Pb 285 28 254 N 10 10,000 20 3.8
Sc 215 1 351 N 10 6 200 19 3.4
Sn 549 18 N 20 700

Sr 2 [ 35 524 N 200 6 10,000 2000 4.2
v 567 20 1000 160 24
Y 175 392 N 20 1500 4 3.2
2n 2 1 103 N 500 G 20,000

Ir 22 22 153 370 N 20 6 2000 350 7.8

1/ N, none detected

L, present in an amount less than the lowest standard.

&, m?re than the highest standard. The value of the highest standard {s indicated in the "maximum®
column.

25



Appendix A

Traverse Cross Sections

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Red Dog Creek

Atneerich Creek

Inaccessible Ridge (western edge near Kelly River)
Inaccessible Ridge (western edge northwest of Kagvik Creek)
Inaccessible Ridge (main ridge north of Kagvik Creek)

Inaccessible Ridge (south of main ridge and north of Kagvik
Creek

Elbow Creek

Chertchip Creek (near Nuka River)
South Chertchip Creek

Nuka River

Nuka Ridge (southeast part)

Nuka Ridge (ﬂortheast part)
Sorepaw Creek

Headwaters of Rolling Pin Creek
North Rolling Pin Creek
Drenchwater Creek

Ridge between False Wager and Wager Creeks
North of Drenchwater Creek
Northeast tributary of Wager Creek

Safari Creek

Formation or Unit Symbols

Trs- Shublik Formation

Ps~

Ml-

Siksikpuk Formation

Lisburne Group (Dark chert and shale facies)
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4. INACCESSIBLE RIDGE (WESTERN EDGE NORTHWEST OF KAGVIK CREEK

ESTIMTN

T THICKESS DESCRIPTION —_FORNATION OR AGE
1 40 ¢  Madius-gray fossiliferous 1imestone, thick bedded, blocky, and largely folded, westhers to 11ght gray Kogruk
2 «J5e Brown silty fossiliferous |imestone, thin bedded, platy. Some brachiopods and crinoids. Grades to 1imy
laninated siltsteme Utukok
FAY
3 «250 Wedge of sedium~gray wacke ind stitstone Cretaceous
E Upper beds - tightly folded, medium-gray, laminated, thin bedded (ribbon) chert with monscis nd shaly interbeds,
mlachite staining Shudl tk
CROSS CREEX
S Staeply dipping, ssdius-gray, laminated chert with monoeis and siliceous shalo and some marcasite acdules
iatonsely asttled by burrowing organisas; resambles deep ses pelagic mud Shubl tk
B Thio bedded. madium-gray chert with black 1ndurated shalo pertings and some greem-gray siltstoms Stksikpuk?
FAT
COVERED AREA
4 B Medium-gray, kasbdy ridbea chert L 14
b ¥ ] Srowm-gray siity shalo with pacil structure Py
s 258 Gray, sedium bedded, knebdy chert with mercasite nodules (stain zome) (may be nerth limb of 3 fold) L4
COVERED AREA
[ WV Pale-elifve, siity shale to mudstone with Sinor chert interbeds; some black shale hackly, pancil structure; alse
has slickensided green argillita Stikstkpuk?
E X ] Gray, kaobby chert with aarcasita nodules L 14
FART?
7 L X ] Sroam, 31ty shelo, fractured and mudstone with quartz veie Stksikpuk
09 Nadium-gray, kashby chart Stksikpuk
FALT Z00E
L X} Highly frectursd, gray chert with black shalo sad )imoaite steining Sikstkpuk
[ ] B Madius~-grey mudstone; pumky and with curved clesvage surfacss Siksikpuk?
Be Gray ribben chert with fiaely dissemineted sulphides Stksthpuk?
- k] ] Srowmish grey VM mudstene. Forms smi) chips with curved frectures Sikstkpuk?
9 Ve Slack slaty indursted shalo with Jamineted calcareous sendstone snd liny nedulies interbedded with dlock siity
shalo; some Srechiopeds Black Lisburne
10 0w Dlack ridhen chert with Jiay partings; statned zene Black Lisburne
e Gray, thia bedded chert with shaly tuffacecws layers 2 14
s Pale-olitve stity shale sad mudstone Sikstkpuk
e Black ribben chert with limy pertings sad Itmonite stain 8lack Lisburne
n 20 Thin bedded, yellowish chert and clay Stksikpuk
t-X Black ribbon chert with black shaly pertings Black Lisburne
12 0 Olive, silty calcarsous shalo (with brachiopeds) and dark-gray chert Sikstkpuk
. ¥ ] Light-gray, thio bedded chert with yellowish bromm argilliacesus interdeds (stained) R 4
200 Paroen and ol ive-gresn mudstene L 14
MAJOR MEST TRIBUTARY
13 WV farcen snd pale-green-grey frectursd sudstons, some silicesus layers Siksikpuk
W0e Thio bedded, medium-gray chert with clay partings; tsoclinally folded : 4
Ba Olive-gray fractured sudstome. Gray chert in lower part Stkstkpuk
100 e Olive shaly awdstane Stksikpuk
0 Pale-olive indureted muistons with curved clesvege and marecs weathering Sikstkpuk
" 200 Light- to medium=gray. thin bedded chert and siliceous shelo Sikskpuk
Me Qlive-gray mudstone with sets of thin bedded chert (10 @) Siksikpuk
TRAVERSE OFFSETS WEST AT MAJOR CREEK
18 109 Pale-green chert; felded with shaly pertings ne
kX Thin bedded 3ilicecus shele with mercasite; staining orsnge; soft srgillacecus pertings with black carbon Siksikpuk
15 Argillaceous sudstone and siliceous shalo: 1soclinally folded S1ksikpuk
S8e fractured ol ive-gray sudstone; folded Stksttpuk
18 0 Thin bedded, gray liay chert Shabl $k
—_ ? Slack fadurated clesved smaio Sl e
1908 Thta bedded, medium-gray chert; weathers to 11ight browm ;;; -
B Olive clesved mudstane Shubl ik
e Madium bedded dark-gray chert blesched white with some interlayers ef browm siltstoms Shabl 1k
1Se Rarson-olive argiiiitic medstone interisyers with ridben chert Siksikpuk
FALT
” 1S Calcaresus micacesus sandstome sad wacke Cretacesus
200 o»  Brewn liay siltstome with Drachs 31 Vtuaek
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Formation,

unit number

SIKSIKPUK

1

2

3
SHUBLIK

4

5
CRETACEOUS

6

SHUBLIK
7
SIKSIKPUK
8

LISBURNE
9
10a

10b

1

12
13

14

Estimated

thickness (m)

60
40
25

20
15

80

100

50

30

15

37

40

60?7

16. DRENCHWATER CREEK

Description

Gray-, green-, and red-weathering chert
Platy to argillitic mudstone, mostly gray
Red and green chert

Gray to buff shale, in part platy and limey; tightly folded

Cherty 1imestone and dolomite with Monotis

Intensely deformed shale and sandstone in fault zone; shale with sheen of pervasive
slickensides; sandstone in boudins that may be detached noses of isoclines; plant
fossils

Limestone; cherty 1imestone; dolomite; with Monotis

Mostly variegated shale and siliceous mudstone, with one prominent bed of gray chert
near middle

Dark-gray, evenly bedded chert; transitional downward into 10

Recr%!sta‘n'ized dark-gray chert with abundant quartz microveinlets but no visible
sulfides

Dark-, punky-weathering shale with prominent gossan that transects cleavage; irreguiar
barite-rich breccia up to 2 m thick beneath gossan and above strongly altered lithic
crystal tuff. (Actually breccia and tuff zones consist of complexly interleaved
tuff and breccia; cannot determine individual beds)

Horizons of altered gray chert with sulfides 10 to 20 m thick separated by two beds
of tuff breccia with clasts of dark chert 5 m to 2 m thick

Dark-gray siliceous mudstone, weathers blocky; perhaps partly chert

Dark-gray chert, partly iron-stained. Resistant unit forming prominent ledge cross-
ing stream

Dark siliceous mudstone, poorly exposed, weathers into dark soil-covered siope;
prominent zone of sphalerite/galena/pyrite "nodules" in upper parts; mineralized
veins in the nodules transect cleavage nearly at right angles and recement the
rock. In places, chert fragments form a breccia that is cemented by sphalerite
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Formation,

unit nymber

SHUBLIK?
1
2
3
LISBURNE
4

5
6
7

CRETACEOUS
8

SHUBLIK
9
SIKSIKPUK
10
CRETACEOUS
1
SHUBLIK
12
SIKSIKPUK
13
SHUBLIK
14

SIKSIKPUK
15

LISBURNE
16

CRETACEQUS
17

SHUBLIK
18

SIKSIKPUK
19

SIKSIKPUK?
20

SIKSIKPUK
21

22

LISBURNE
23

19. NORTHEAST TRIBUTARY OF WAGER CREEK

Thickness (m)

Description

30
20
40
30
20

70
40

20

60

50

20

60

50

25

50

20

250

60

300

20

150

20

50

Variegated shale, poorly exposed
Two resistant strata of limey chert separated by 5 m of dark shale
Mostly dark gray shale; strongly folded

Dark, evenly bedded chert
Interbedded dark shale and chert
Tightly folded dark chert with minor scattered limestone beds

Darkfchert. strongly altered with pyrite; one thin bed of apparent felsic crystal
tuff

FAULT

Very fissile shale, siltstone, and micaceous sandstone; very tightly folded, sand-
stones act as boudins; numerous ripple marks and plant fragments

Tightly folded cherty limestone with Monotis above; dark shale below

Medium-gray and green chert and slate; bedding irregular
FAULT

Very tightly folded shale, siltstone, and micaceous sandstone; same as unit number 8
Cherty 1imestone with Monotis above; creamy to dark shale below

Medium-gray and green chert and slate; same as unit number 10
FAULT

Thinner section of Monotis-bearing cherty limestone and shale; same lithology as
units 9 and 12

Same as tlmit 10 and 13; distinctive lacing of veinlets with randomly oriented barite
crystals

Dark, evenly bedded chert
FAULT
Isoclinally folded dark slatey shale, in part dolomitic, with minor sandstone.

Sandstone fold noses are "floating” in intensely deformed shale--could be termed
a "broken formation"

Same as units 9 and 12

Unusually thick section of apparent Siksikpuk lithology: nodular gray and green
chert and dark-gray shale (some nodules are pyritic). Tightly folded in places;
Unusual thickness may be due to repetition by folding or faulting. Gradational
downward into unit number 20

Dark and thick-bedded chert, in part shaly

Variegated medium-gray, green, and maroon chert and shale; dark shale is conspicuous
and unlike the "normal" Siksikpuk lithology

Strongly iron-stained and oxidized variegated slate, chert, and argillitic mudstone;
sulfur stained and smelly soil covered

Dark-gray chert with gigor platy limestone beds; unmineralized
24
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Appendix A

Tables of semiquantitative spectrographic analyses of rock, soil,
and stream-sediment samples.
Abbreviations: R - Rock sample
SS - Stream-sediment sample
S - Soil sample
Abbreviations are listed in left-hand part of column

marked Tag. No.
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